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ABSTRACT

The RF sensitivity of 80 SEEI initiators was determined at 6 test fre-
quencies including both CW and pulsed power and in two terminating modes.
The data were compared with the SBASI initiator tested at FIRL in August
of 1967, and results of both types are presented in this report. Analysis
of the data indicated that the SEEI is more sensitive than the SBASI at
all comparable test frequencies and modes. The largest spread in sensi-
tivities occurs in the pin-to-pin mode at the low and moderate CW fre-
quencies. With pulsed power the difference in the sensitivities of the
two is reduced to about 2 to 1 for the pin-to-pin mode and 4 to 1 for
pin-to-case. Both the SBASI and the SEEI are sensitive to pulsed power
with the 50% fire levels falling approximately in the 0.02 to 0.2 watt
decade for all pulsed tests and modes. The most sensitive condition
occurred at 9000 MHz pulsed with the SEEI terminated for a pins-to-case
excitation. At this condition a fire was produced with 0,015 watts,

Input impedance measurements conducted in the frequency band of
1.5 to 1300 MHz with CW generators showed a marked difference in pin-to-
pin values of impedance. Pins-to-case values showed no great difference
between the two types.
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F-C2142

1. INTRODUCTION

The purpose of this work was to determine the RF sensitivity
characteristics of the SEEI, which as we understand it is to serve as a
stray energy indicator in circuits which may later make use of the SBASI
(Single Bridgewire Apollo Standard Initiator). Test results with the
SEEI are therefore compared to previous test results obtained with SBASI
units which were tested here earlier this year and documented in FIRL
Report No. F-B2303-9, August 1967. A photograph of the two items is

shown in Figure 1-1.

Eighty SEEI units were received for the present program. The
units were visually inspected, random sampled, and grouped so that in-
formation could be obtained with new units in both firing modes (pin-to-
pin and pins-to-case). The outline shown in Exhibit "A" statement of
work (reproduced in this report as Appendix A) allots approximately 60
new units for pin-to-pin tests and 20 new (and 40 used) units for pins-
to-case tests, covering 6 test frequencies. Some flexibility, however,
was followed in the actual firing of the alloted hardware. Before RF

testing, all 80 units received the following preliminary tests:

1. 1Initial bridgewire resistance

2. Initial insulation resistance between shorted input pins
and case at 6 Vdc held for 30* 5 seconds

3., Initial pins-to-case capacitance

EEDs that were non-fires also received these measurements and the values

recorded in the column marked "after" (Appendix B). Also, input impedance

measurements were conducted on 3 new EEDs in both modes, at 8 selected

frequencies covering 1.5 to 1300 MHz (CW only).

"Ii THE FRANKLIN INSTITUTE RESEARCH LABORATORIES
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2. PARAMETER MEASUREMENTS ON THE SEEI

The following section describes results of these special tests.,

Appendix B gives detailed test results,

2.1 Visual Inspection

All 80 EEDs were inspected for burrs, bent pins, foreign

matter, etc. All units were rated "ok" as a result of this inspection.

2.2 Bridgewire Resistance

The pin-to~-pin resistance of all units was measured with a
Keithley Model 502 milliohmmeter. All bridgewires were found intact and
values ranged from 4.1 to 5.25 chms (Note: The SBAST has bridgewire

resistances that range between .85 to 1.16 ohms).

2.3 Insulation Resistance

Exhibit "A" states that this test is to be made by applying
6Vdc pins-to~-case for 30 * 5 seconds. The circuit used for this test
is shown in Figure 2-1. Note that with this circuit, the current is
limited to 6 microamps. During the actual testing, less than 10 micro-
volts was read on the voltmeter in most cases. The resistance of these
were recorded as greater than 6 x 10! ohms. One EED (FIRL #8) indicated
a short in this test and a subsequent capacitance test, This EED fired

when 6 volts was applied to it with no current limiting resistor.

2.4 Pins-to-Case Capacitance

The capacitance between the two input pins and the case of the

SEEI was initially measured on all 80 units using a Tektronix Model 130

llli THE FRANKLIN INSTITUTE RESEARCH LABORATORIES
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LC meter. This instrument measures the capacitance using a frequency of
150 kHz. Initial values ranged between 3.3 and 6.0 picofarads. Final

readings on non-fired units showed only slight changes from initial

values,
/ \OLTMETER LEAST READING.
\\Z//* = 10puV
NOTE _THAT
AN IF Ry = O
' PINS ~f V=6V
R 1=6/10=6puA
1 : FOR Rx >0
= EED 6
=6V I Ry Rx = (6-V) 10%/V
T —/ Ry =% 6 x 10"
CASE WHEN V = 10uV

Fig. 2-1 Circuit for 6Vdc Insulation Resistance Test

"li THE FRANKLIN INSTITUTE RESEARCH LABORATORIES
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3. RF TESTS
The 6 required test frequencies (in megahertz) were as
follows:
(1) 243 cw
(2) 5400 cw
(3) 9000 cw

(4) 2700 Pulsed (1.5 upsec./1000 pps)
(5) 5400 Pulsed (0.8 usec./400 pps)
(6) 9000 Pulsed (1.5 usec./1000 pps)

Note that (5) represents a special pulse width and repetition
rate, the usual being 1.5/1000. The SBASI (tested previously) was not
tested at 5400 MHz pulsed.

Tables 3-1 to 3~4 lists the complete test results for both the
SEEI and SBASI in the pin-to-pin and pins-to-case modes. Figures 3-1
and 3-2 plof the approximate 50% levels for both squibs. Considering the
the normal firing mode (pin~to-pin, Figure 3-1), the SEEI is more sensi-
tive by approximately 10 to 1 considering CW power. With pulsed power
the SEEI is only approximately 2 to 1 more sensitive. 1In the second mode
(pins-to-case, Figure 3-2) the SEEI and SBASI have almost comparable
sensitivities in the 100-1000 MHz decade, considering CW power. With
pulsed power the SEEI showed the highest sensitivity, with a 50% level
of about 0,018 watts at 9000 MHz. The SEEI is more sensitive by about

4 to 1 over the SBASI, in the pins—to-case mode, pulsed power.

Considering both modes, these EEDs are vulnerable to pulsed
power. Most probably, the high voltage "peak" of the pulsed waveform
causes an internal "arc' that discharges through the explosive. The
SBAST indicated almost identical sensitivities in both possible terminating

modes. The SEEI was more sensitive in the pins~to-case mode.

I"i THE FRANKLIN INSTITUTE RESEARCH LABORATORIES
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TABLE 3-1

Test Freq
No. (MHz)
1789 243
1791 5400
1793 9000
1787 2700
1793 5400
1797 9000

RESULTS OF PIN-TO-PIN PROBING TESTS (SEEI)

Power
Mode

CW

CW

CW

pulsed
1.5/1000

pulsed
0.8/400

pulsed
1.5/1000

Power to
EED (Watts)
g’lg mean
0'65 .55-,60
0:75 watts
2.0
5.0
1.0
g'g mean
3‘0 3.5 watts
4.0
0.50
2.5
3.5 mean
5.0 5.0 watts
5.5
6.0
. 050
.065
075
.100 mean
.150 ~,100 watts
.200
.250
.500
.050
‘?gg mean
']50 ~,075 watts
.250
'8;8 mean
.0225 - 0225" . 025
'025 watts
8
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TABLE 3-2

RESULTS OF PINS-TO-CASE PROBING TESTS (SEEI)

Test Freg Power
No. (MHz) Mode
1790 243 CW
1792 5400 CW
1796 9000 CW
1788 2700 pulsed
1.5/1000
1794 5400 pulsed
0.8/400
1978 9000 pulsed
1.5/1000

Power to
EED (Watts)
0.75
1.0 mean
1.25 1,0 watts
.2:8 mean’
5.0 8 watts

Now-
Fires

Fires

OO oONO

éubsequent tests of misfires produced

non-fires at 8 watts

;‘g mean
8.0 8 watts
'ggg mean

0']00 ~,065 watts

.020

.025 mean
.030 .025-,030
.050 watts
.079

.100

.010

.0125 mean
.0150 .0175-.02
L0175 - watts
.020
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TABLE 3-3 RESULTS OF PIN-TO-PIN PROBING TESTS (SBASI)

Test Freq Power
No. (MHz) Mode
1736 10 CW
1737 243 CW
1738 950 CW
1739 2700 pulsed
1.5/1000
1740 9000 pulsed
1.5/1000

Power to
EED (Watts)
0.10
3.0
4.0 mean
4'5 4,5-5.0
5:0 watts
6.0
7.0
0.10
5.0 mean
8.0 9-10
9.0 watts
10.0
15.0
0.10
g‘g mean
6.0 6-7
7'0 watts
8.0
10.0
8'; mean
0.3 Oo2-0;3
0'5 watts
0.10
0.125 mean
0.150 ~0,12 watts
0.20
0.30
10
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Now-

Fires Fires
2 0
] 0
1 0
1 1
1 1
0 1
0 1
2 0
1 0
3 0
0 1
1 1
0 1
2 0
1 0
1 0
2 1
0 1
0 1
0 1
3 0
2 1
0 2
0 1
4 0
0 2
0 3
0 1
0 1



TABLE 3-4 RESULTS OF PINS-TO-CASE PROBING TESTS (SBASI)

Test Freq Power
No. (MHz) Mode
1741 10 CW
1742 243 CW
1743 950 CW
1744 2700 pulsed
1.5/1000
1745 9000 pulsed
1.5/1000
1749 1.5 CW

Power to
EED §Watt52
0.10
.50 mean
.75 .75-1.0
1.0 watts
2.0 '
4,0
.10
.50
.75 mean
1.0 v.b watts
1.5
2.0
.10
2.0 mean
2,25 2.0-2,25
2.50 watts
5.0
.10
'%35 mean

'25 v.20 watts

'ggg mean
¢ 090 .‘085- . 090
']00 watts
.75
1.0 mean
3.8 >>5 watts
5.0
11
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Now-

Fires Fires
2 0
1 0
3 0
0 2
0 1
0 1
2 0
1 1
0 2
0 1
0 1
0 1
2 0
3 0
1 2
0 1
0 1
2 0
0 1
2 2
2 0
0 1
3 0
2 1
0 2
0 2
1 0
1 0
1 0
1 0
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4. INPUT IMPEDANCE

The impedance referenced at the base of the SEEI was determined
in both the pin-to-pin and pins-to-case modes at 1.5, 3, 10, 100, 250,
500, 900 and 1300 MHz. Measurements were made on 3 new squibs at very
low power and the results averaged. Table 4-1 shows these data as well
as the previous data on the SBASI which was conducted in an identical
manner. Also shown in Table 4-1 is the conductivity (G) which is ob-

tained from (Z) by

where Z = R + jX

The (Z) data from Table 4-1 is plotted in Figure 4-1 and 4-2 which relates
the data to 50 ohm transmission lines. (Caution: No attempt should be
made to use the value of the reflection coefficients (p) as indicated on
Figures 4-1 and 4-2 as absolute values, since p will vary with respect to
the characteristic impedance of the transmission line used as a reference.
However, since a common base of reference has been chosen, differences

in Z data between the SEEI and SBASI have some meaning.)

The Z data shows considerable differences between both squibs
in the pin-to-pin mode. The fact that the SEEI has a 4.5 ohm bridgewire

and the SBASI a 1 ohm bridgewire is reflected in the values of Z at low

frequencies.

The pins-to-case Z data show only slight differences in impe-
dance with the SEEI indicating slightly higher reflection coefficients

as referenced to a 50 ohms line.

12
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Input Impedance, (Smith Chart) SEEI, SBASI (Pin-to-Pin Mode)

Fig. 4-1
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Input Impedance (Smith Chart) SEEI, SBASI, {Pins-to-Case Mode)

Fig. 4-2
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5. SUMMARY AND CONCLUSIONS

RF testing with the SEEI has shown that it is more sensitive
than the SBASI at all test frequencies and modes. The largest spread in
sensitivity (approx. 10 to 1) occurs with CW power in the normal bridge-
wire (pin-to-pin mode). However, both the SEEI and SBASI are quite sen-
sitive to pulsed power (50% levels between 0,02 to 0.2 watts) and their
spread reduces to about 2 to 1 for pin-to-pin comparisons and 4 to 1 for
pins-to-case. The SEEI in the pins-to-case mode at 9000 MHz pulsed was

the most sensitive condition and one EED fired with 15 milliwatts
(Table 3-1).

Owing mainly to the fact that the SEEI has a 4.5 ohm bridgewire
and the SBASI a 1 ohm, the impedance data were quite different in the

pin-to-pin mode. In the pins-to-case mode these data show no particularly

large differences.

It should be noted that the RF sensitivity tests performed in
this study were of a probing nature and conducted with a minimum of test
items. While this technique has proven to be effective in indicating
trends; for example, at which frequency is the greatest sensitivity ob-
tained or is one device more sensitive than another at a given frequency,
the absolute values must be used with great éaution. The mean firing
values generated from a 40 item Bruceton test at a given condition could
produce a value marked by different from the "approximate means" which

we have estimated from the probing tests.

Furthermore, if the intended use of the SEEI is to replace the
SBAST in systems tests where the entire assembly is irradiated and success
or failure based on whether or not the SEEI fires, then a work of caution
is in order. Because of the great differences in impedances (pin-to-pin
mode primarily) a system could be a poor match for the SEEI and a good
match for the SBASI, thus, even though the SEEI is more sensitive it might

not fire in such a system whereas the SBASI would fire.

- 16 -
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Exhibit "A"
Statement of Work
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Exhibit "A"
STATEMENT OF WORK

Scope

The purposes of this work will be to estimate the radio frequency
(rf) sensitivity of the Stray Electrical Emergy Indicator (SEEI), These
devices will be supplied as GFE to GAEC for use om LM vehicles as a
Radio Frequency (RFI) detector. Therefore knowledge of the unit's sen-

sitivity threshold for various frequencies is mandatory.
General Requirements

Visual inspection and checkout measurements such as electrical
bridgewire resistance, insulation resistance, etc,, will be taken and
recorded on each unit prior to any actual tests to be conducted and,

when appropriate, after each test.

This test will be a probing test using 80 units to examine rf

sensitivity at six frequencies.
Detailed Requirements

The suggested procedure to be followed is outlined below:
a. Randomly separate the units into six groups of ten each.

b. Information concerning inspection and electrical measurements
of each group will be recorded on data sheets and will include but not
necessarily be limited to: Group designation, bridgewire resistance,
insulation resistance, pin-to-case capacitance, visual inspection and
any pertinent remarks, The following tests will be conducted on each
unit prior to any rf testing, and when appropriate upon completion of
each test,

(1) Visual Inspection - Each initiator shall be visually
inspected for burrs, bent pins, foreign matter or any

apparent defect. Any abnommalities, whether considered
a defect or not, shall be recorded.

A-1
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(2)

(3

(4)

(5)

Bridgewire Resistance - The resistance of the bridgewire
shall be measured and recorded using an instrument
having an accuracy equal or greater than the Alinco
Circuit Tester,

Insulation Resistance - The resistance between the
shorted initiator pins and the body of the initiator
shall be measured for each initiator by applying a
voltage not greater than six volts d-c for no longer
than 30 * 5 seconds.

Pins-to-case Capacitance - The capacitance between
both pins shorted together and the case shall be
measured and recorded,

Impedance Measurements - These measurements will be

made pin-to-pin and pin-to-case over the range of 1
to 1300 MHz, The data shall be recorded,

c. After the tests described in Paragraph b. have been completed

on all units and the data recorded, a probing type of test shall be con-

ducted.

Ten units will be exposed at each frequency. For this test rf

energy shall be applied through the bridgewire (pin-to-pin) for a maximum

of five minutes. Specifically, the tests shall be conducted under the

following conditions:

Frequency Signal Type Number of Units
240 cw 10
2700 Pulsed ' 10
5400 Pulsed (0.75 usec 10
@ 400 PRF)
9000 Pulsed 10
5400 CW 10
9000 W 10

The data from this test, along with any other pertinent firing data, such

as functioning time and firing pulse duration and current applied shall

be systematically recorded, Based on the information collected a curve

will be plotted of power level to fire versus frequency for the pin-to-pin

mode,
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d. The tests outlined in Paragraph c. will be repeated using
five unexposed units and five exposed units left from the Paragraph c.
tests, The rf energy is to be applied between shorted bridgewire pins

and initiator case for this test, Other conditions shall remain the same,

e. Post-firing examination and measurements on "non-fires™ are
to be performed as outlined in Paragraph b. The information shall be

recorded as before,

f. The Franklin Institute shall return the units when advised
by NASA,

g+ A detailed test report which documents the results of all
tests, including equipment and procedures used, and other pertinent data
including recommendations, and conclusions will be written upon the com-

pletion of the program,
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APPENDIX B

PRE-FIRING TEST DATA SHEETS

B
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